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When 0, reacts w i t h  carbon, CO and CO, a r e  the gaseous react ion products. 
ever, not a l l  of the 0, consmed appears i n  the form of these products. 
oxygen remains chemically bound t o  the carbon surface i n  the form of an oxygen sur- 
faCe-Camplex. To define the mechanism of the carbon-oxygen reaction, the nature of 
t h i s  complex must be more f u l l y  understood. 
these complexes, techniques have been developed whereby the react ion can b e  studied 
US- low 0, gas pressures i n  conjunction w i t h  r e l a t i v e l y  high carbon surface 
areasza2. Under these conditions, the e f f e c t  of the formation of a given amount of 
surface complex is grea t ly  magnified. 

Howl 
Some of the 

For the invest igat ion of the ro le  of 

B studying the react ion between Graphon and 0, i n  the pressure region below 
0.1 To-it has been found t h a t  only a small f r ac t ion  of the total E T  surface area 
of the Graphon is capable of chemisorbing oxygen ( l e s s  than 2%),. 
t h i s  chemisorbing area is dependent upon the pretreatment of the Graphon sample and 
react ion tempefature. 
chemisorbed surface complex u n t i l  the complex coverage reaches a "saturation" value. 
After saturat ion is reached, most of the react ing 0, appears in the  form of gaseous 
reaction products. The complex thus formed is s tab le  in tha t  i t  w i l l  remain on the 
carbon surface, a t  react ion temperature, in  vacuo (ca. lom5 Torr). 
surface complex, it i s  necessary to  heat  the carbon t o  temperatures g rea t e r  than the 
react ion temperature. 
the complex decomposes i n t o  CO and CO,; the  r a t e  of t h i s  decomposition decaying from 
an i n i t i a l l y  la rge  value t o  an immeasurably low value. 

The extent  OP 

A f r ac t ion  of the 0, consumed continuously goes i n t o  t h i s  

To remove this 

Upon heating of the carbon to  a selected higher temperature, 

Among the points  i n  question concerning the behavior of the surface complex, 
some can be answered by the use o f  isotopic  t r a c e r  techniques. In par t icular ,  t h i s  
investigation was undertaken t o  c l a r i f y  two main points - (1) the importance of the 
oxygen surface complex ae an intermediate in the conversion of 0, to  CO and (2) the 
possible r e l a t ion  between the time of formation of the complex and i t s  ease o f  re- 
moval upon o u t g a s s i q  a t  higher temperatures following reaction. 

KXFERIMEmAL 

Materials Used - The carbon used i n  t h i s  invest igat ion was Graphon, which was pro- 
duced by the heat  treatment of the channel black, Spheron 63, t o  28OO0C. Since the 
surface capable of chemisorbing oxygen increases rapidly with small amounts of ox i -  
dation in the low burn-off region, the samples were preoxidized a t  650OC. a t  an 0, 
pressure of 0.5 Torr t o  14.4% burn-off. Oxidation of the original Graphon to  this 
burnloff increased the EET surface area from 76 to  98 m.,/g. Following t h i s  sub- 
stantial amount of b w - o f f ,  there was a negl igible  change i n  a c t i v e  surface area 

*Results of research supported by the National Science Foundation on Grant 6023. 
+e+ 1 Torr s 1 mm O f  mercury. 



62. with the small, additional amounts of oxidation r e su l t i ng  from the present study. 
The preoxidized Graphon samples were outgassed a t  95OOC. in vacuo (ca, 10-5 Torr) 
f o r  3 hrs. p r i o r  to  each run, 

The 0, enriched in OI8 w a s  obtained fmm the Weimy81nst i tute  of Science 
Rehovoth, Israel .  
0.6 atomic X O I 7 ,  and 1.0 atomic X 016. 

This axygen contained 98.4 atomic 56 0 (96.8 male I 0218-1B)J 

Apparatus - Figure 1 shows the apparatus used i n  -this investigation, The Graphan 
sample is placed i n  a 10 by 60 am. V y c o r  t e s t  tube which rests in the bottom of a 
2 by 35 cm. Vycor reactor. 
has a volume of 4.91. 
thennocouple gages are used f o r  pressure measurements. The reactor  is heated by a 
resistance furnace, w i t h  furnace temperature regulated by an automatic temperature 
recorder-contmller,  
flow leak t o  the analyzer tube of a modified General Electric mass spectrometer. 
Since the gaseous products t o  be analyzed a r e  CU, 0- 
present, the masses of concern are: 
36..0218'18, 44-C0216'16, 46-C0,16°18, and 48-C02L8'18. 

The volme of the reactor  system is 0.791.; the  reservoir 
The reac to r  i s  evacuated by a diffusion prrmp. McLeod and 

The e n t i r e  apparatus i s  d i r e c t l y  connected a r o u g h  a molecular- 

and CO 
284016, 30-COB, 32-0.$16, 3b0,16'18J 

with both 0l6 and O I 8  

RgSULTS . 

To l a b e l  the complex with respect t o  time of formation, a 0.100 g, Graphon 
sample was heated t o  30O.C. and exposed t o  0,16016 a t  a pressure of 0.490 Torr f o r  
a period of 2.5 hrs. A t  the end of this exposure, the 0216'16 was removed and re- 
placed with 0218-18 (96.8 mole % 0218-18) a t  a pressure of 0.435 Torr f o r  a period 
of 6 hrs. 
periods. 
or iginal  018 sample. 

Table I gives  the analysis  of the gas present  after the two oxidation 
The species 0,16-18 and O2I7-l8 are  a consequence of the 016 and 017 i n  t h e  

TaBLEI 
BNAISIS OF OXYGEN AFTER gxposITRg TO GRAPHON AT 3OO0C. 

2.5 hr. Exposure (0,l6-i6) 6 hr. Exposure (0,18-18) 
Species Concentration, mole % Concentration, mole Z 
021 6-16 98.1 0.01 
0~16-18 - 1.27 

C 3 6  
cola 
c o p  -18 - 0.32 

17-18 - 1.10 
218-18 - 95.6 

1.58 0.09 - 1.52 
co,l 6-1 6 0.38 - 

. 

ing the carbon a t  a s e r i e s  of temperatures between 300 and 9OG"C. 
plex w a s  recovered a s  CO. 
species of CO removed, following outgassing up to  and including selected temperatures. 

The complex formed i n  t h i s  two-step reaction was removed i n  increments by heat- 
Most of the com- 

Table I1 gives the cumdative amount of each Fsotopic 
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Temp.. O C .  

63. TABLE I1 

ISOTOPIC DISTRIBUTION OF CO LN OUTGASSING PRODUCT FOLLOWING 

INITIAL TWO-STEP REACTION OF GRAPHON W I T H  OXYGEN AT 300OC. 

400 
500 
600 
700 
800 
900 

Press., Torr x io3 
- coI6 - cola 

0.72 0.23 
2.60 0.77 
6.02 . 1.66 

13 .7  4.35 
21.1 6.25 
24.0 6.95 

18 Mole %, CO 

24.2 
22.9 
21.6 
24.1 
22.8 
22.5 

TO deternine the  ro l e  played by the surface complex i n  the  carbon- gen re- 

pressure.of 0.032 Torr. After a period of 45 min., the reac tor  was evacuated and 
0,16-l6 a t  a pressure of 0.041 Torr was introduced. During the second reaction, 
the mass spectrometer monitored the Table 
I11 gives the amount of 
the reactor  was evacuated and most of the complex tha t  remained on the  surface w a s  
removed by heating the Graphon t o  a temperature of 900OC. 
the  complex contained 53% CO18. 

action, the Graphon sample was then heated t o  575OC. and reacted with 021 8- l8 a t  a 

a r t i a l  pressures of 02, C 0 l 6  and Cola. 
acd CO1g a t  various times of reaction. After 45 min., 

The CO resu l t ing  from 

Time,  min. 

TABLg I11 
ISOTOPIC DISTRIBUTION OF CO PRDDUCED DURTNG REACTION OF 

0216-16 WITH GRBPHON AT 575°C. 
lMMwIATELY FOLLOWING XFACTION OF 02 WITEi GRAPHON AT 575'C. 

5 
10 
15 
20 
25 
30 
35 
40 
45 . 

Pressure, TOIT x io3 

0.55 0.02 
0.98 0.07 
1.33 0.12 
1.70 0.18 
2.06 0.23 
2.39 0.28 
2.62 0.32 
2.86 0.35 
3.09 0.38 

- coI6 - cola 

18 Mole z. CO 

~ 3.5 
6.7 
8.6 
9.6 

10.0 
10.5 
10.9 
10.9 
11.0 

DISCUSSION 

A t  any given temperature, a ce r t a in  amount of sutface complex w i l l  remain on 
the carbon surface. This e f f e c t  (a varying ac t iva t ion  energy of desorption) could 
be due to  the nature of the carbon surface o r  the ex ten t  of surface complex cover- 
age. 
carbon surface, t ha t  1% i f  there  i s  a d i s t r ibu t ion  of s i te  ac t iv i ty ,  one would ex- 
pect the strong sites t o  be the  first t o  chemisorb oxygen and t o  require  the highest  
temperature to  release the oxygen in the  form of CO. 

Lf the  changing ac t iva t ion  energy of desorption i s  due to the nature of the 

However, i f  the ac t iva t ion  

\ 



64. energy f o r  desorption is a function of t h e  amount of complex remaining OP the surface 
a t  that par t icu lar  moment, one would not  expect to  f i n d  a re lat ionship between time 
of adsorptiou and temperature of desorption. 

The results of the decomposition of the surface complex formed a t  3OO0C., a s  
given Fn Table 11, support t h e  lat ter reasou f o r  a changing act ivat ion energy of 
desorption with coverage. 
sample to 0,16-l6 f o r  a period of 2.5 hrs. and then O,p8-I8 f o r  6 hrs. 
that the concentration of C d a  i n  the decomposition products i s  about 23 mole X 
throughout the e n t i r e  outgassing period, indicat ing t h a t  the t h e  of formation of 
the  surface complex has l i t t le e f f e c t  upon the temperature (its act ivat ion energy) 
of  removal. 

This complex w a s  produced b f i r s t  exposing the Graphon 
It is s e e p  

Table I gives the composition of the oxidizing gas a t  the end of a 2.5 e ~ .  
react ion period (O2I6-l6) and a 6 hr. reaction period (0,18-18). Even though there 
was a re la t ive ly  large amount of 016 surface complex p r e s e n t  during the time o f  tke 
0,18-18 exposure, a negl igible  amount of C0l6  was produced.. (1) 
t h a t  the oxygen in  the gaseous GO produced during the react iou of 0, with Graphon 
came almost e n t i r e l y  from the 0, react ing a t  t h a t  i n s t a n t  and not  from oxygen vhick 
had previously gone in to  a surface complex and (2) that there  was l i t t le  carbuu 
monoxide-complex interaction. 

This indicates:  

In the 575OC. reactions,  the f i r s t  run w i t h  0, produced an 018 complex. This 
complex w a s  not removed p r i o r  to  the 0,l6-l6 run. 
i n  the same manner as the  0l6 complex, the  amount of 018 appearing in the gas phase: 
a s  Cola, during the 0216-16 reaction, a f fords  a direct measure of complex decomposi- 
tion. 
fect iveness  of the complex as an intermediate Fn the  reaction, eg. 

Since the O I 8  complex w i l l  behave . 

Therefore, the  amount of CO18 i n  the gas phase is an indicat ion of the ef- 

Table 111 gives the concentration of Fn the  products of  the 0, l6-I6 reac tim. 
It i s  seen that the contr ibut ion of d 8  t o  the product gases increases a s  the re- 
ac t ion  proceeds. re- 
dominately being produced through reaction ( 2 ) .  Lf t h i s  vere the case, the C J 8  in 
the  t o t a l  CO produced would have been a maximum a t  the beginning of the teac t iou  of 
Graphon with 0216"16, when the OI8 complex on the Graphon surface w a s  a t  a maximum 
and the 0l6 complex was a t  a minknun. 
i n  the gas phase as the react ion proceeds indicates  t h a t  the complex pla  s an in- 
creasingly important role i n  the production of CO. A5 the coverage of Or6 compkx 
increases (the d6 complex mounted t o  47% of the t o t a l  complex remaining after the 
0216-16 reaction),  the ac t iva t ion  energy of desorption of botk the  016 and 0l8 con- 
plex becomes less. 

ZThis result i s  contrary t o  w&t would be expected i f  GO m s  

However, the increasing concentration of Cola 

As a resu l t ,  CO production by reaction 2 becomes signifiicant. 

A t  the  end of the 0,16-16 reaction, most of the complex which had formed pas 
the  C d 8  concentration re- removed by heating a t  900°C. Throughout its removal, 

mained constant (53 mole %) , again indicat ing m d i f f e r e n t h t i o n  of tke 018 and OI6 
complex a s  a result of its time of  formation. 
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